A lactic acid bacterium, strain DCY50 T , isolated from the traditional Korean food kimchi, was studied to determine its taxonomic position. The strain was Gram-stain-positive, catalasenegative, facultatively anaerobic, rod-shaped and motile. The genomic DNA G+C content was 49 mol% and the peptidoglycan structure was of the A4a (L-Lys-D-Asp) type. Chemotaxonomic markers of the strain were consistent with its classification in the genus Lactobacillus.
closely related to the type strains of Lactobacillus parabrevis (98.4 and 91.6 % similarity, respectively, for the 16S rRNA and rpoA genes), L. hammesii (98.0 and 91.2 %), L. brevis (97.6 and 93.3 %) and L. senmaizukei (97.4 and 90.5 %). DNA-DNA relatedness of strain DCY50
T to these type strains was below 36 %. According to the genotypic and phenotypic data, strain DCY50 T could be differentiated from all known Lactobacillus species and should be classified in a novel species, for which the name Lactobacillus koreensis sp. nov. is proposed; the type strain is DCY50 T (5KCTC 13530 T 5JCM 16448 T ).
Korea has many traditional fermented foods. Of these, kimchi is one of the most important, made from various kinds of vegetables, spices and other ingredients. Kimchi could be a source of valuable micro-organisms, especially lactic acid bacteria. It has been reported that strains belonging to the genera Leuconostoc, Lactobacillus, Streptococcus, Pediococcus and Lactococcus exist in kimchi (Cheigh et al., 1994; Mheen & Kwon, 1984; So & Kim, 1995; Lee et al., 1997) . Kimchi has been used in Korea for a long time as a probiotic food to promote well-being. In this study, strain DCY50 T isolated from cabbage kimchi was characterized by a polyphasic approach including phylogenetic analysis based on the sequences of the 16S rRNA gene and RNA polymerase alpha subunit (rpoA), genomic relatedness and chemotaxonomic, morphological and physiological properties. These results indicated that strain DCY50
T represents a novel species of the genus Lactobacillus.
A number of kimchis made of cucumbers, radishes, onions and pot-herbs were used as sources for isolation of lactic acid bacteria. Strain DCY50 T was isolated from homogenized cabbage kimchi spread onto MRS medium (Difco) plus 10 % red ginseng extract (60 brix) donated by the Ginseng Genetic Resource Bank, Korea. Single colonies were picked and transferred onto new plates for isolation. After 3 days of incubation at 30 u C, purified colonies were identified by partial 16S rRNA gene sequencing and were cultured on MRS agar (BD) for routine characterization and stored as 25 % (w/v) glycerol suspensions at 270 u C.
The Gram reaction was examined by using the staining method, as described by Bartholomew & Finkelstein (1958) . Cell morphology and motility were observed with a Nikon light microscope (6400 magnification) with cells grown on soft MRS agar (0.15 % agar) for 1 day at 30 u C. The hangingdrop technique was used to test for motility. Motility was confirmed by diffuse growth after spotting cells on soft agar medium. Catalase was assessed by bubble production after adding a drop of 3 % (v/v) H 2 O 2 solution. Oxidase activity was evaluated by oxidation of 1 % p-aminodimethylaniline oxalate. For transmission electron microscopy, strain DCY50 T was grown on an MRS plate at 30 u C for 24 h. Cells were resuspended in a drop of deionized water and placed on carbon-and Formvar-coated nickel grids for 30 s. Grids were floated on a drop of 0.1 % (w/v) aqueous uranyl acetate, blotted dry and then observed with a transmission electron microscope (Carl Zeiss LEO912AB) at 100 kV under standard conditions ( Supplementary Fig. S1 , available in IJSEM Online). Production of exopolysaccharide was detected after 2 days of growth on an MRS plate at 30 u C. Scanning electron microscope observations were performed on fixed material as described by Bozzola & Russell (1998) . Samples were criticalpoint-dried, mounted on stubs, sputter-coated with gold and visualized with a Hitachi S-2460N scanning electron microscope at 20 kV under standard conditions (Supplementary Fig. S2 ). Production of D-and L-lactic acid from glucose was determined by using the D/L lactate enzymic kit (Boehringer Mannheim). The API 50 CHL and API 50 CH microtest systems were employed at 30 u C according to the instructions of the manufacturer (bioMérieux). Growth at 4, 10, 15, 25, 30, 37 and 42 u C and pH 3.0-8.0 (at intervals of 0.5 pH units) was assessed after 5 days of incubation; the pH was adjusted with 1 M HCl and 1 M NaOH. Salt tolerance was examined after 4 days of incubation by adding 1-10 % NaCl (at intervals of 1.0 % NaCl, w/v) to MRS medium. Aesculin hydrolysis was checked by growing strain DCY50
T on MRS medium containing ferric citrate (0.02 %; Fluka) and aesculin (0.3 %; Sigma). Hydrolysis of arginine was tested in MRS broth without glucose and meat extract but containing 0.3 % arginine and 0.2 % sodium citrate. Production of ammonia was detected by using Nessler's reagent (Schillinger & Lücke, 1987) . Gas production from glucose was examined by using Durham tubes. The cell wall composition was determined according to Schleifer & Kandler (1972) . To check for anaerobic growth, plates were placed for 10 days inside a pouch which generated an anaerobic and CO 2 -enriched environment, using the commercial BD GasPak EZ Gas Generating system (BD).
Genomic DNA was extracted and purified with a genomic DNA isolation kit (Core Bio System). The 16S rRNA gene was amplified from chromosomal DNA of strain DCY50 T using the universal bacterial primers 27F/1492R and 518F/ 800R (Weisburg et al., 1991) . In order to determine the taxonomic status of strain DCY50
T more specifically and accurately, the RNA polymerase alpha subunit gene (rpoA) was partially sequenced and the sequence was compared with those of closely related members of Lactobacillus. Partial rpoA gene sequences have been found to have a higher degree of resolution for differentiation of members of the genus Lactobacillus (Naser et al., 2007) . Conditions for amplification and sequencing of the rpoA gene were as described by Naser et al. (2007) . Primers rpoA-21-F (59-ATGATYGARTTTGAAA-AACC-39) and rpoA-23-F (59-ACHGTRTTRATDCCD-GCRCG-39) were used (Naser et al., 2005) . The rpoA genes of L. parabrevis ATCC 53295
T and L. senmaizukei NBRC 103853 T were also partially sequenced in this study. Purified PCR products were sequenced by Genotech (Daejeon, Korea) (Kim et al., 2005) . Partial 16S rRNA and rpoA gene sequences were compiled with SeqMan software and edited using the BioEdit program (Hall, 1999) . Multiple alignments were performed with the CLUSTAL_X program (Thompson et al., 1997 ) and Kimura's two-parameter model (Kimura, 1983) . The neighbour-joining method was used to calculate evolutionary distances (Saitou & Nei, 1987) and maximum-likelihood (Felsenstein, 1989) and maximum-parsimony trees were reconstructed using the MEGA 4 program (Kumar et al., 2001) . Bootstrap analysis with 1000 replicates was conducted in order to obtain confidence levels for the branches (Felsenstein, 1985) . Strain DCY50
T and closely related type strains were included in the phylogenetic trees (Figs 1 and 2 and Supplementary Fig. S3 ).
For G+C content analysis, genomic DNA of strain DCY50 T was extracted and purified with the Qiagen genomic-tip system 100/G and then degraded enzymically into nucleosides with P1 nuclease. The G+C content was determined by HPLC according to the method of Mesbah et al. (1989) . DNA-DNA hybridization was carried out with photobiotinlabelled probes in microplate wells as described by Ezaki et al. (1989) , using a BioAssay reader for fluorescence measurements. The hybridization temperature was 37 u C. Reciprocal experiments were performed for each pair of strains and the results were expressed as means±SD. Metabolic end products from glucose were detected with a model 6890 gas chromatograph (Agilent Technologies) equipped with an HP-INNOWax (cross-linked PEG) column (Thornhill & Cogan, 1984) . Helium was used as the carrier gas at a flow rate of 1.6 ml min 21 , the injection volume was 1 ml and the injector and flame-ionization detector temperatures were 250 and 280 u C, respectively.
After incubation for 1 day on MRS agar (Difco) at 30 uC, strain DCY50
T produced beige, circular colonies with smooth surfaces, about 0.5-1 mm in diameter. It stained Gram-positive and was heterofermentative, facultatively anaerobic and catalase-negative. Young cells were slightly motile by gliding, an observation based on the hanging drop technique and by diffuse growth on soft agar. Physiological characteristics of strain DCY50
T are compared with those of closely related type strains in Table 1 .
An almost full-length 16S rRNA gene sequence (1461 bp) was obtained from strain DCY50 T . On the basis of 16S rRNA gene sequence similarity (Fig. 1) (Wayne et al. 1987) ; thus, strain DCY50
T represents an independent species at the genotype level. The G+C content of the genomic DNA was 49±0.1 mol%, which falls within the range reported for members of the genus Lactobacillus (32-55 mol%; Kandler & Weiss, 1986) . Cell-wall composition analysis of strain DCY50
T showed lysine and aspartic acid as diagnostic amino acids, indicating a peptidoglycan structure of the A4a L-Lys-D-Asp type. Strain DCY50 T produced lactic acid heterofermentatively at a ratio of 70 % L-lactic acid to 30 % D-lactic acid.
On the basis of our phylogenetic and chemotaxonomic data, strain DCY50
T is considered to represent a novel species of the genus Lactobacillus, for which the name Lactobacillus koreensis sp. nov. is proposed.
Description of Lactobacillus koreensis sp. nov.
Lactobacillus koreensis (ko.re.en9sis. N.L. masc. adj. koreensis of Korea, referring to the isolation of the type strain from a traditional Korean food).
Cells are Gram-stain-positive, motile, catalase-negative, facultatively anaerobic, non-spore-forming, curved rods (1.4-2.063.0-5.0 mm). Colonies grown on MRS agar for 1 day are beige, circular and convex with smooth surfaces, ,1 mm in diameter. Optimum growth at pH 4.5-6.5 and 30-35 u C. Grows in 7 % NaCl and at 15 u C but not at 42 u C. Acid is produced from D-xylose, D-galactose, melibiose, D-arabitol and aesculin but not Filled circles indicate that the corresponding nodes were also recovered in the tree generated with the maximum-parsimony algorithm. A maximum-likelihood tree is available as Supplementary Fig. S3 . Bar, 0.02 substitutions per nucleotide position. The type strain, DCY50 T (5KCTC 13530 T 5JCM 16448 T ), was isolated from the traditional Korean fermented food kimchi. Lactobacillus koreensis sp. nov.
